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Descripti n 

NOVEL S-ADENOSYL METHIONINE DECARBOXYLASE INHIBITORS 

This invention reiat s to novel chemical compounds useful as S-adenosyimethionine decarboxylas 
inhibitors, to the processes useful for their preparation and to their use in the treatment of a variety of 
5 condition and disease states associated with a rapid proliferation of cell growth. 
More specifically, this invention relates to compounds of the. formula 

H2N-Q-N -Ad 1 

and the pharmaceutical^ acceptable salts thereof, wherein Ad represents adenosinyl, R is hydrogen or a C1-7 
10 alkyl, and Q represents moieties of formulae la to le, said formulae being depicted as: 

y j 

-CH-( CH 2 ) m C-( CH 2 ) q CH 2 - 
la 
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V R, V X 

II II 

-CH-CH-CH- -CH-C-CH 0 - 

2 | 2 



lb Ic 



V X X V W Z 

III III 
-CH-C-C-CH 2 - -CH-C=C-CH 2 - 

Y Y 

Id le 

with m being zero or one, q being zero or one with the proviso that the sum of m and q is less than 2, 
V is H or -COOH. 
45 Wis H, F, CI or Br, 
Z is H, F. CI or Br, 
each X and each Y being H or F, 



W W 

so Ri is -CH=C<^ , -CH=C=C<^ 



-CsCH or -CH3-oF n with n being 1, 2 or 3. 

Of course, the "hteN-" moiety (which is attached to Q in formula I) is attached to the carbon atom bearing the 
55 "V" substituent in each of formulae 1a to 1e (e.g., 

HoN-CH-CH-CH^-N-Ad 
I I I 
V R, R 

60 

wher in Q is represented by lb). 

Th "Ad" m iety (i.e., the adenosinyl moiety comprised of 1 H-purine-6-amine attached to p-D-ribofuranosyl) 
has the structure 
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OH OH 

20 

In those instances wherein Q is representative of formula 1a, it is to be noted that only one of th m r q 
moieties may be one for any given compound. In those instances wherein R is other than H, the C1-7 alkyi 
moiety is preferably methyl and ethyl but all the straight, branched-chain and cyclized manifestations are 
included with methyl being preferred and ethyl, propyl, isopropyl, butyl, t-butyl, pentyl, hexyl, cyclohexylm thyl 
and the like being especially included. In those instances wherein Q is representative of formula 1e, it is 25 
preferred that said compounds be in their cis-configuration rather than their trans -configuration. In those 
instances wherein Q is representative of formula 1d the mono-, di-, tri-and tetraftuoro substituted moieties (as 
well as the unsubstituted moieties) are contemplated. Preferred compounds are those of formula I wherein Q 
is le, are those wherein W and Z are H and V is H or COOH, and A is methyl or ethyl. 

Illustrative examples of pharmaceutically acceptable salts of the compounds of this invention are those 30 
formed with inorganic acids preferably with hydrochloric, hydrobromic, sulfuric or phosphoric acids and with 
organic acids such as methane sulfonate, salicylic, maleic, malonic, tartaric, citric and ascorbic acids. These 
salts may be prepared by standard techniques and procedures well known in the art. 

In essence, the preparation of the compounds of formula may be effected by techniques and chemical 
processes analogously known in the art; the choice of the specific route being dependent upon the usual 35 
factors in pharmaceutical research institutions such as availability and cost of starting materials, time and 
difficulties in separation and purification of intermediates and final compounds and such other factors well 
known and generally appreciated by those of ordinary skill in the art. 

In general the preparation of the compounds of formula may be depicted by the reaction sequence of 
reaction sequence of reaction scheme A, as follows: 40 

Reaction Scheme A 




45 



SO 



55 



wherein Ad' is adeninyl of the formula 

60 



65 



3 
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10 R2X' is a reactant of the following formulae (3a to 3f). 

15 PgNH-CH- ( CH 2 ) m -C-( CH 2 ) q CH 2 X % 

3a 

20 

V R, V X 

It 1 II 
25 PgNH-CH-CH-C^X 1 PgNH- CH-C-CH 2 X' 

Y 

3b 3c 



v x X v w z 

PgNH-CH-C-C-CH 2 X 1 PgNH-CH-C =C-CH 2 X 1 

y y 

3d 3e 



R3OOC-CH-C = C-CH 2 C1 
NHAc 



3f 

50 wherein Pg is an N-protecting group, preferably t-butoxycarbonyl (Boc) or phthalimido (Pht) (in which case, of 
course, the H of the PgNH moiety is not present) and m, n, q f R, R1 , V, W t X, Y and 2 are as defined in Formula I, 
and X' is OTF (trifiate) or chloro, bromo or iodo, (R2, of course, being the moieties of 3a to 3f attached to the X' 
moiety), with the exception that in appropriate cases in may be a reaction-protection derivative of the COOH 
function, preferably a t-butoxy derivative, and Ac is an acyi moiety, preferably acetate, and R3 ts t-butyt. 

55 In effecting the condensation of reactants 2 and 3 when X' represents a halide conditions A~a are utilized 
wherein equimolar quantities of the reactants are reacted together in the presence of a base, (preferably 
potassium carbonate), in a basic solvent, (preferably acetonitrile), at temperatures of about 30°C to 80°C. 
When conditions A-b are utilized, i.e., when X' is a trifiate, the reactants are heated together at about 30° C to 
80°C in the presence of a base, (preferably triethylamine), in a basic solvent, (preferably dimethylformamide). 

GO Removal of the N-protecting groups is readily effected by standard techniques, e.g., treatment with 1 N sulfuric 
acid at room temperature for 24-48 hours followed by treatment with an alcohol (preferably ethanol) at about 
0°C when the protecting group is t-butoxycarbonyl, and when the protecting group is phthalimido, removal is 
effected using an ethanolic solution of a hydrazine (using classical techniques) the latter being used when R2 
contains a fluoro atom. Removal of the isopropylidene protecting gr up of the ribofuranosyl moiety is easily 

65 effected by hydrolysis at r om temperatures, (preferably using 1 N sulfuric acid) , generally simultane usly with 
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the N-protecting groups. Isolation and purification of the intermediate and final products of reaction scheme A 
is effected by standard techniques, e.g., recrystallization, HPLC, flash chromatography (on silica gel) and the 
like. 

The preparation of th intermediates required for the condensation of reaction scheme A, i. ., thos 
intermediates defined for F^X', may be effected by the use of analogously known procedures such as those s 
outlined in the below described generic processes which are illustrated in the below particularized examples. 

In those instances wherein F^X' represents subgeneric group 3e, the reaction proceeds under A-a 
conditions wherein X' is preferably chloro and the N-protecting group is Boc, the appropriate W, W, 
Z-substituted-N-protected-4-chloro-2-butene-1 -amine may conveniently be prepared by the following 
reaction scheme. 10 

Reaction Scheme B 




W Z 



BocNH 




40 



wherein the protecting groups (Pht and Boc) and V. W and Z are as previously defined and (THP) is 
tetrahyd ropy ran . 

In step B-a the diol is reacted with dihydropyran in the presence of catalytic quantities of 50 
pyridinium-£-toluene sulfonate at about 0°C in an anhydrous solvent (or mixture) (e.g., CH2CI2:THF; 2:1) for 
about 24-48 hours. Conversion of B-2 to B-3 is initiated by a Mitsunobu-type intermolecular dehydration 
reaction on treatment with diethylazodicarboxylate (DEAD) and triphenylphosphine under mild neutral 
conditions under an inert atmosphere (nitrogen) at about 0°C in an anhydrous solvent (e.g., THF) in the 
presence of phthalimide; the reaction continuing at room temperature for about 12 hours. 55 

The resulting B-3 products, upon treatment with hydrazine hydrate in ethanol at reflux for about 12 hours, to 
remove the phthalimido and THP protecting groups and the free amine is re-protected with di-t-butyldicarbo- 
nate by refluxing in dichtoromethane. The alcohols (B-4) are converted to their chlorides by reaction with 
mesylchioride under basic conditions (TEA) in an anhydrous solvent, preferably dichloromethane. These cis 
products of Formula 3e, after purification, generally using flash chromatographic techniques on silica gel, are 60 
ready for condensation with the reactants of Formula 2, according to th techniques described for reaction 
scheme A. 

In those Instances wherein it is desired to prepare the trans-c nfigu ration of compounds of 3-e, it is 
preferred to utilize a W, Z-V-substituted N-protected trans-1-bromo-4-amino-2-butene, (i.e., 3-e), the 
reactants are readily prepared by reacting a V-W, Z-substituted trans-1-bromo-4-amino-2-buten with 65 
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potassium phthalimide in anhydrous DMF at about 50° C for 24 hours according to standard procedures well 
known in the art. The necessary R 2 X' reactants of the class 3-c are readily prepared from the appropriate W, Z, 
V2-substitut d a.a-dichloroxylene wherein the compound is subjected to a displacement reaction with 
potassium phthalimide to form an a-phthalimido-a'-chloroxylene by heating the reactants at about 50° C for 

5 about 24 hours in anhydrous DMF and the so-formed compound is purified by the usual techniques of flash 
chromatography from silica geL Starting from the appropriately V, W t Z-substituted 3-chloro-2-ch1oromethyl- 
1-propene the desired R2X' reactants of class 3-a may similarly be prepared by the foregoing describ d 
displacement reaction with potassium phthalimide by heating the reactants at about 50° C for about 24 hours in 
anhydrous dimethyffluoromethane followed by purification with the usual techniques, e.g., flash chromato- 

10 graphy. In those instances wherein the particular V, W, Z-substituted reactant is not a known compound, such 
compounds may be prepared by techniques and procedures well understood and known in the art. 

In addition to the specific examples described below, chemistry for the preparation of cis-5'-(4-amino-4-car- 
boxy-2-butenyl)methyladenosine may be analogously derived from Tolman and Sedmera's article (Tetrahe- 
dron Letters, Vol. 29, No. 47, pp. 6183-6184, 1988) "Unsaturated Amino Acids: Synthesis of Trans-3,4-Didehy- 

15 dro Analogues of L-Omithine and L-Arginine". The application of this chemistry is schematically represented 
by the following reaction scheme. 

Reaction Scheme C 
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(a) 

(Me0 2 C) 2 -C-CH=CHC0 2 t-Bu — — 

NHAc 

(6) 

(Me0 2 C) 2 -C-C=CC0 2 t-Bu — — ► 

NHAc 

(Z) 



(c) 

(Me0 2 C) 2 -C-C = C-CH 2 OH ~ — >- 

NHAc 

(I) 

H00C-CH-C=C-CH 2 0H ~ — >. 

NHAc 

(£) 





(12) OH OH 



In effecting the foregoing reaction scheme step (a) involves the dibromination of (6) by reaction with 
bromine, said reaction being placed in a suitable solvent (e.g.. CCU) at room temperature. The resulting 
dibromo analog is debrominated by reaction with potassium t-butoxlde in tetrahydrofuran or with an amine 
such as DBU. The so-obtained compound (7) is sequentially treated with (1) trifluoroacetic acid at 25° C for 20 
minut s, (2) treat d with thionyl chloride at 25°C for 3 hours, and (3) treated with DiBal in tetrahydrofuran at 
-30°C for 1 hour to produce compound (8). Step (c) involves the sequential treatment of (8) with a base (e.g.. 
NaOH/H 2 0 in tetrahydrofuran for 20 minutes, followed by treatment with diluted HCI at 50°C to produce 
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compound (9). This compound is tr ated with isobutylene, in the presence of catalytic amounts of sulfuric acid 
and the resulting alcohol is converted to its corresponding chloride by treatment with mesyl chloride to 
produce compound (10). This compound is then subjected to reaction with the adenosine derivatives of 
formula (2) according to the procedure of Reaction Scheme A (wherein compound (10) corresponds to R2X' 
5 with X' being chloro) to produce a compound analogously corresponding to compounds 4 [i.e., compound 

am 

The resulting triple-bond-containing compound is partially reduced using hydrogenation in the presence of 
a Lindlar catalyst (H2/PdS04> and the resulting butene is treated with sulfuric acid (to remove the t-butoxide 
and isopropyiidene protecting groups). The final step is to subject the so-produced penultimate compound to 
10 acylase I (Merck) at a pH of 7.2 at 37° C to remove the N-protecting acyl moiety to produce a desired 
compound (12), e.g., cis-5 / -deoxy-5'-(4-amino-4-carboxy-2-butene)methylaminoadenosine. 

The following examples illustrate the preparation of the necessary intermediates and final products of this 
invention. 

15 

EXAMPLE 1 



Preparation of CIS-5 -DEOXY-5 / (4-AMINO-2-BuTENYL)METHYLAMINO ADENOSINE 

20 

Step A: 

CIS-4-TETRAHYDROPYRANYLOXY-2-BUTENE-1-OL 
Dihydropyrane (9.1 ml, 100 mmol) was added dropwise to a cooled (0° C) solution of 2-butene-1 ,4-diol (8.8 g, 
25 10 mmol) and pyridinium paratoluenesulfonate (0.25 g, 10 mmol) in anhydrous dichloromethanertetrahydrofu- 
ran (2:1). The mixture was stirred two days at 0°C then concentrated in vacuo. The residue was purified by 
flash chromatography on silica gel (ethyl acetateihexane 3:7) to give 8.3 g of the title compound (49%). 

Step B: 

30 

CIS-1-PHTHALIMIDO^TETRAHYDROPYRANYLOXY-2-BUTENE 

Under a nitrogen atmosphere di ethyl azodicarboxy late (1.6 ml, 10 mmol) was added to a cooled (0°C) 
solution of cis-4-tetrahydropyranyloxy-2-butene-1-ol (1.7 g, 10 mmol), triphenyl phosphine (2.2 g, 10 mmol) 
and phthalimide (1.47 g, 10 mmol) in anhydrous tetrahydrofuran (50 ml). When the addition was completed (5 
35 min) the reaction mixture was allowed to warm at room temperature and was stirred 12 h. Then the mixture was 
concentrated in vacuo, diluted with ethyl acetate (200 ml) and washed with brine (150 mi). After usual work-up 
(the aqueous phase was extracted three times with 100 ml portions of ethyl acetate), the organic phase was 
dried over magnesium sulfate, filtered and concentrated in vacuo) the product was purified by flash 
chromatography on silica gel (ethyl acetate rhexane; 2:8) to give 1.9 g of the title compound (64<>/o). 

40 

Step C: 

CIS-TERT1QBUTOXrYCARBONYL-4-HYDROXY-2-BUTENYL-1-AMINE 
A solution of cis-1-phthalimido-4-tetrahydropyranyloxy-2-butene (1.9 g, 6.3 mmol) and hydrazine hydrate 

45 (0.35 ml, 6.9 mmol) in ethanol (20 ml) was heated under reflux 12 hours. Then the mixture was concentrated in 
vacuo, diluted with 1N hydrochloric acid (20 ml) and heated under reflux for two hours. Then the 
phthaiylhydrazide was filtered off and the filtrate was concentrated in vacuo. The residue was taken in 
dichloromethane (100 ml) neutralized with triethylamine (pH 8.9) and a solution of ditertiobutyldicarbonate 
(1.65 g, 7.5 mmol) in dichloromethane (5 mi) was added. The mixture was heated under reflux overnight and, 

50 after usual work-up, the product was obtained by flash chromatography on silica gel (ethyl acetate: hexane; 
25:75) (0.8 g, 74<>/o). 

Step D: 

55 CIS-N-TERT10BUTOXYCARBONYL-4-CHLORO-2-BUTENYL-1-AMINE 

Mesyl chloride (0.6 ml, 7.6 mmol) was added to a cooled (0°C) solution of cis-tertiobutoxycarbonyl-4-hy- 
droxy-2-butenyl-1 -amine (1.3 g, 7 mmol) and triethylamine (1.1 ml, 7.6 mmol) in anhydrous dichloromethane 
(30 ml). The mixture was stirred overnight and, after usual work-up, the title product was purified by flash 
chromatography on silica gel ( thyl ac tate: hexane; 2:8) (0.8 g, 57%). 

60 

Step E: 

cis-y-DEQXY-y 

(N-TERTIOBUTOXYCARBONYL-4-AMINO-2-BUT^ 
65 SINE 
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A solution of cis-N-tertiobutoxycarbonyl-4-chloro-2-butenyl-1-amin (0.6 g, 3 mmol). 5'-deoxy-5'-methy- 
lamino-2',3'-isopropyIid nead nosine (0.97 g t 3 mm I), potassium carbonat (0.42 g, 3 mmol) and sodium 
iodide (0.05 g, 0.3 mmol) in ac tonitrile (20 ml) was heated und r reflux overnight. Then the mixture was diluted 
with thyl acetate, washed with brine and dried over magnesium sulphate. Then the product was purified by 
flash chromatography on silica gel (diethyl amine xhloroform; 2:98) (1.1 g, 55<>/o). 

Step F: 

CIS-y-DEOXY-y^^AMINO^-BUTENYUMETHYLAMINOADENOSINE 

A solution of cis-S'-deoxy-S'KN-tertiobutoxycarbonyM-amino^-butenyl Jmethyl-aminol^^'-isopropylide- 
neadenosine (0.9 g, 1 .8 mmol) in 1N sulphuric acid (5 ml) was left two days at room temperature. Then the 
mixture was diluted with ethanol (200 ml) and cooled (0°C) overnight. The precipitate was filtered off, 
dissolved in the minimum amount of water and then re-precipitated with ethanol (200 ml). This procedure was 
repeated twice to give the title compound (0.5 g), mp: 260° C decomposed. 



EXAMPLE II 



Preparation of TRANS-5'-DEOXY-5'-(4-AM I NO-2-BUTENYL)METHYLAMINO ADENOSINE 

Step A: 

TRANS-1-BROMO-4-PHTHALIM1PO-2-BUTENE 

A mixture of trans-1 ,4-dibromo-2-butene (6.4 g, 30 mmol) and potassium phthalimide (5.6 g, 30 mmol) in 
anhydrous dimethyl formamide (200 ml) was heated at 50°C for 24 h. Then the reaction mixture was 
concentrated in vacuo, dissolved in ethyl acetate, washed with brine and the pure title product was obtained by 
flash chromatography on silica gel (ethyl acetate: hexane; 15:85) (3.2 g, 40%). 

Step B: 

TRANS-5'-DEOX?f-5H4-PHTHALIMIDO-2-B 

A mixture of trans-1 -bromo-4-phthalimido-2-butene (2 g, 7.5 mmol), potassium carbonate (1.6 g, 1 1.5 mmol) 
and 5'-deoxy-5'-methylamino-2',3'-isopropylideneadenosine (2.4 g, 7.5 mmol) in anhydrous acetonitril (100 
ml) was heated under reflux overnight. Then the mixture was concentrated in vacuo, dissolved in 
dichloromethane, filtered and purified by flash chromatography on silica gel (chloroform: diethylamine; 98:2) 
to afford the title compound (1.25 g, 33%). 

Step C: 

TRANS-5'-DEOXY-5M4-TERTIOBUTOXYCARBONYl^^ 
LIDENEADENOSINE 

A mixture of traLns-5'-deoxy-5'-(4-phthalimido-2-butenyI)methylamino-2 / l 3'-isopropylideneadenostne (1 g, 2 
mmol) and hydrazine hydrate (0.1 ml, 2 mmol) in absolute ethanol was heated under reflux overnight. Then the 
mixture was concentrated in vacuo, dissolved in water (30 ml) and the pH was adjusted to 4 with glacial acetic 
acid and cooled to 0°C. Then the mixture was filtered off and the filtrate neutralized with triethylamine to pH 9 
and concentrated in vacuo. Then the residue was dissolved in dichloromethane, and ditertiobutyldicarbonate 
(0.45 g, 2 mmol) was added. The mixture was heated under reflux overnight and, after usual work-up, the 
product was purified by flash chromatography on silica gel (diethylamine :dichloromethane; 2:98) to give the 
title compound (0.5 g, 5Wo). 

Step D: 

TRANS-y-DEOXY-S^t^AMlNO^BUTENYUMETHYLAMlNOADENOSINE 

A suspension of trajis-5'-deoxy-5 / -(4-tertiobutoxycarbonyl-amino-2-butenyl)methylamino-2 / ,3'-i 
lideneadenosine (0.4 g, 0.96 mmol) in 1N sulphuric acid (3 ml) was stirred 2 days at room temperature. Then 
the mixture was diluted with absolute ethanol (100 ml) and cooled at 0°C overnight. The product was filtered 
off, dissolved in the minimum amount of water and precipitated with ethanol (100 ml). This procedure was 
repeated twice to afford tht title compound (0.16 g). mp: 250-260°C decomposed. 
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Preparation of y-PEOXY^^-AMINO^BUTYNYMMETHYLAMlNOADENOSINE 

Step A: 

5 1 -CHLORO-4-PHTHAUMIDO-2-BUTYNE 

A mixture of 1 ,3-dichloro-2-butyne (4.9 ml, 50 mmol) and potassium phthalimide (5.6 g, 30 mmol) was heated 
at 50 C C during 24 h. Then the mixture was concentrated in vacuo, diluted with ethyl acetate and, after usual 
work-up, the product was purified by flash chromatography on silica gel to give 4.3 g of the title compound 

(620/o). 

10 

Step B: 

^-DEOXY-y^PHTHALIMIDO^^ 

A mixture of 1-chlorcH4-phthalimido-2-butyne (1.4 g, 6 mmol), S'-deoxy-S'-methylamino^'.S'-isopropylid - 
75 neadenosine (1.6 g, 5 mmol) and sodium iodide (0.075 g, 0.5 mmol) in anhydrous acetonitrile (100 ml) was 
heated under reflux overnight. Then the mixture was concentrated, diluted with dichloromethane, filtered and 
purified by flash chromatography on silica gel (diethylaminexhloroform; 2:98) to give the title compound (1.6 
g. 64o/o). 

20 Step C: 

5 / -DEOXY-5 / -(4-TERTIOBUTOXYCARBONYlAMINO-2-BUTYNYL)METHYI^MINO-2 , f 3 
'-ISOPROPYLIPENEADENOSINE 

A mixture of 5'^eoxy-5 / -(4-phthalimido-2-butynyl)methylainino-2',3'-isopropylideneadenosine (1 g, 1.9 

25 mmol) and methyl hydrazine (0.5 ml, 10 mmol) in absolute ethanol (3 ml) was heated under reflux overnight. 
Then the mixture was concentrated in vacuo , dissolved in a mixture of tetrahydrofuran :water (1:1, 200 ml) , and 
a solution of ditertiobutyl dicarbonate (0.5 g, 2.5 mmol) in tetrahydrofuran (10 ml) was added. The pH of the 
mixture was adjusted to 9 with triethylamine and then the mixture was heated under reflux for 24 h. Then the 
reaction mixture was concentrated in vacuo, diluted with ethyl acetate and, after usual work-up, the product 

30 was obtained by flash chromatography on silica gel (diethylaminexhloroform; 2:98) (0.5 g, 560/o). 

Step D: 

5 l DEOXY-5 , -(4-AMINO-2>BUTYNYL)METHYLAMINOADENOSINE 

35 A suspension of 5'<teoxy-5'-(4-tertiobutoxycarbonylamino-2-but^ 

denosine (0.4 g, 0.82 mmol) in 1N sulphuric acid (25 ml) was stirred 2 days at room temperature. Then th 
mixture was diluted with ethanol (100 ml;) and stirred at 0° C overnight. The product was filtered off, dissolved 
in the minimum amount of water and diluted with ethanol (100 ml). This procedure was repeated twice to afford 
pure 5 , -deoxy-5'-(4-amino-2-butynyl)methylaminoadenosine as white crystals (0.2 g). mp: 230-240°C 

40 decomposed. This compound, of course, can be reduced to form the corresponding cis double-bonded 
compound. 

EXAMPLE IV 

45 

Preparation of S'-PEOXY-SMORTHO-AMINOMETEYL BENZYL) METHYLAMINO ADENOSINE 

Step A: 

50 

g-PHTHALlMIDO-a-CHLOROXYLENE 

A mixture of a.a'-dichloroxylene (8.75 g, 50 mmol) and potassium phthalimide (5.6 g, 30 mmol) was heated 
to 50 rt C for 24 h. Then the reaction mixture was concentrated in vacuo, dissolved in ethyl acetate and, after 
usual work-up, the desired compound was obtained by flash chromatography on silica gel (ethyl 
55 acetate ihexane; 15:85) (6 g. 650/o). 

Step B: 

5'-PEOXY-5MORTHC>PHTHAUM1DO-METH^^ 

60 SINE ~" 

A mixture of a-phthalimido-a'-chl roxylene (1.6 g, 5.5 mmol), potassium carbonate <0.7 g, 5 mmol) sodium 
iodid (0.07 g, 0.5 mmol) and 5'-deoxy«^5'-methylamino-2',3 / -isopropylideneadenosine (1.5 g, 4.7 mmol) in 
anhydrous acetonitrile was heated under reflux overnight. Then the mixture was concentrated in vacuo, 
dissolved in dichloromethane, filtered and then purified by flash chromatography on silica gel (chloroform: 

65 diethylamine 98:2) to give the title compound (1.8 g, 670/b). 
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Step C: 

5'-DEOXY-5 # -(ORTHO-TERTIOBUTOXY^ 
'-ISOPROPYLIDENEAPENOSINE 

A mixture of 5'-deoxy-5'-(ortho-phthalimido-metW^ 0-3 
g, 2.3 mmol) and hydrazine hydrate (0.12 ml. 2.3 mmol) in absolute ethanol (100 ml) was heated under reflux 
overnight. Then the mixture was concentrated in vacuo, diluted in water (30 ml), and glacial acetic acid was 
added to adjust at pH 4 and left at 0°C. Then the mixture was filtered off and the filtrate was neutralized with 
triethylamine to adjust the pH of the reaction mixture around 9. Then the mixture was concentrated in vacuo. 
diluted withdichloromethane, and ditertiobutyldicarbonate (0.5 g, 2.3 mmol) was added. Then the mixture was 
heated under reflux overnight and, after usual work-up, the title compound (0.8 g, 67<>/o) was isolated by flash 
chromatography on silica gel (chloroform: diethylamine; 98:2). 

Step D: 

S ^PEOXY^-OTTHO-AMINOMETHYLBENZYUMETHYLAMINOAPENOSINE 

A suspension of 5'-deoxy-5'-(ortho-tertiobutoxycarbonyl aminomethyl benzyl) methylamino-2',3'-isopropy- 
lideneadenosine (0.45 g. 0.83 mmol) in 1N sulphuric acid (25 ml) was stirred two days at room temperatur . 
Then the mixture was diluted with ethanol (100 ml) and stored at 0° C overnight. The precipitate was filtered off, 
dissolved in the minimum amount of water and reprecipitated with ethanol (100 ml). This procedure was 
repeated twice to give the title compound (0.4 g). mp: 230-240°C decomposed. 



EXAMPLE V 



y-PEPXY-5-(3-AMlNO-2-METHYLENEPROPYL)METHYLAMINOAPENOSINE 

Step A: 

1 -PHTH ALIMI DO-3-CHLO R Q-2-M ETH YLEN EPROPANE 

A mixture of 3-chloro-2-chloromethyl-1-propene (6.55 g, 50 mmol) and potassium phthalimide (5.6 g, 30 
mmol) in anhydrous dimethytformamide (200 ml) was heated two days at 50° C. Then the mixture was 
concentrated invacuo and, after usual work-up, the product was purified by flash chromatography on silica gel 
(ethyl acetate:hexane; 15:85) (4.2 g, 78<Vo). 

Step B: 

5'-PEOXY^M3-PHTHALIMIPO-2-METHVLEN 

— Amixture of 1-phthalimido-3-chloro-2-methylenepropane (0.87 g, 5 mmol), potassium carbonate (0.7 g. 5 
mmol) sodium iodide (0.08 g, 0.5 mmol) and S'-deoxy-S'-methylamino^.S'-isopropylideneadenosine (1.6 g, 5 
mmol)' in anhydrous acetonitrile (100 ml) was heated two days under reflux. Then the mixture was 
concentrated in vacuo, diluted with dichloromethane, filtered and the product was purified by flash 
chromatography on silica gel (diethyl amine: chloroform; 2:98) to give 2.85 g (780/o) of the title compound. 



Step C: 

5'-DEOXY-5W3-TERTIOBUTOXYCARBON^ 
PR OPYUDENEAPENOSINE 

A mixture of 5'-deoxy-5M3-phthalimtdo-2-methylenepropy1)m^ 
(2.3 g, 4.4mmol), methyl hydrazine (1.5 ml, 30 mmol) in absolute ethanol <5 ml) was heated two days under 
reflux' Then the mixture was concentrated in vacuo, dissolved in chloroform (5 ml), the pH was adjusted 
around 9 with triethylamine and then a solution of ditertiobutyl dicarbonate (8.8g, 4.4 mmol) in chloroform (5 
ml) was added. The resulting mixture was heated overnight under reflux and, after usual work-up, the product 
was purified by flash chromatography on silica gel (diethylamine xhloroform; 2:98) to give 1 25 g (64<>/o) f the 
title compound. 



Step P: 

5 , -PEOXY^M3-AMINO-2*MET>IYLENEPROPYL)METHYLAMINOAPENQSINE 

A suspension of 5'-deoxy-5'-(3-tertiobutoxycarbonyl^ 
lideneadenosine (0.65 g, 1 .3 mmol) in 1 N sulphuric acid (4 ml) was stirred tw days at room temperature. Then 
the mixture was diluted with absolute ethanol (150 ml) and left at 0°C overnight. The pr cipitate was filtered off, 
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dissolved in a minimum amount of water and diluted with absolute ethanol (150 ml). This procedure was 
repeated twice to afford the title compound as white crystals (0.55 g, mp: 230-240°C decomposed). 



5 EXAMPLE VI 



Preparation of S -DEOXY-S^-AMINO-^a-DIFLUOROBUTYLjMETHYLAMINOADENOSINE 

10 Step A: 

4-PHTHAL»MIDO-2,2-DIFLUOROBUTYL-TRIFLUOROMETHANESULFONATE 

Triflic anhydride (1.1 ml, 6.6 mmol) was added to a cooled (0°C) solution of 4-phthaIimido-2,2-difluoro-1-bu- 
tanol (1.53 g, 6 mmol), pyridine (0.53 ml, 6.6 mmol) in anhydrous dichloromethane (50 mi). The mixture was 
15 stirred 1 h at 0°C and, after usual work-up, the product was purified by flash chromatography on silica gel 
(ethyl acetate rhexane; 20:80) to give 1.8 g (78*>/o) of the title compound. 

Step B: 

20 5'-DEOXY-5M4-PHTHALIMIDO-2,2-DIFLU^ 

A mixture of 4-phthalimido-2,2-difluorobutyl-trifluoromethanesulfonate (1.8 g, 4.6 ,mmol), 5'-d oxy- 
S'-methylamino^'.S'.-isopropylideneadenosine (1.3 g, 4.3 mmol) and triethylamine (0.6 ml, 4.3 mmol) in 
anhydrous dimethylf ormamide was heated two days at 50° C. Then the mixture was concentrated in vacuo and 
the product was purified by flash chromatography on silica gel (diethylaminerchloroform; 2:98) (1.7 g, 700/o). 

25 

Step C: 

S'-DEOXY-S'-^-TERTIOBLTTOXYCARBONYLAMINO 
PYLIDENEADENOSINE 

30 

A mixture of 5 / -deoxy-5'-(4-phthalimido-2,2-difluorobutyl)methylamino-2 , ,3'-isopropylideneadenosine (1.5 
g f 2.7 mmol) and hydrazine hydrate (0.135 g, 2.7 mmol) in ethanol (20 ml) was heated under reflux overnight. 
Then the mixture was concentrated in vacuo, diluted with water, and glacial acetic acid was added until the pH 
was adjusted to 4. The mixture was left at 0°C and then filtered off. The filtrate was neutralized to pH 9 with 
35 triethylamine, concentrated in vacuo, diluted with dichloromethane and then ditertiobutyldicarbonate (0.6 g, 
2.7 mmol) was added. The mixture was heated under reflux overnight and, after usual work-up, the product 
was purified by flash chromatography on silica gel (diethylamine: chloroform; 2:98) to give 1.1 g (75o/o) of the 
title compound. 

40 Step D: 

5 / -DEOXY-5 / -(4-AMINO-2 t 2-DIFLUOROBUTYL)METHYLAMINOADENOSINE 

A suspension of 5'-deoxy-5'-(4-tertiobutoxycarbonytaminc^ 
lideneadenosine in 1N sulphuric acid (4.5 ml) was stirred two days at room temperature. Then the mixture was 
45 diluted with ethanol (100 ml) and left overnight at 0°C. The precipitate was filtered off, dissolved in a minimum 
amount of water and precipitated with ethanol (150 ml). This procedure was repeated twice to afford the title 
compound (0.5 g, 600/o) as white crystals (mp: 240°C decomposed). 



50 EXAMPLE VII 



Preparation of CIS-5 / -PEOXY-5 / -(4-AMINO-2-FLUORO-2-BUTCNYL)METHYLAMINO ■ ADENOSINE 

55 Step A: 

CIS-4-PHTHALIMIDO-2-FLUORO-1-TETRAHYDRQPYRANYL-2'BUTENE 

A mixture of cis-4-chloro-2-fluoro-1 -tetrahydr pyranyl-2-buten (6.3 g, 30 mmol) and potassium phthalimide 
60 (5.6 g. 30 mmol) in anhydrous dimethyl formamide (200 ml) was heated at 50°C for 24 h. Then the reaction 
mixture was concentrated in vacuo, dissolved in ethyl acetate, washed with brine and the pure title compound 
cis-4-phthalimido-2-fluoro-2-tetrahydropyranyl-2-butene (6 g, 700/o) was obtained by flash chromatography on 
silica gel (ethyl acetate :hexane; 2:8). 

65 
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Step B: 

CIS'N-TERTIOBUTOXYCARBONYL-2>FLUORO-4-HYDROXY-2-BUTENYL-1-AMINE 

A solution of cis-4-phthalimido-2-fluoro-2-tetrahydro pyranyl-2-butene (5.7 g. 20 mmol) and hydrazine 
hydrate (1.1 ml. 22 mmol) in ethanol (30 ml) was heated under reflux for 12 h. Then the mixture was 5 
concentrated in vacuo, diluted with 1N HCI (20 ml) and heated under reflux for 2 h. Then the phthalhydrazide 
was filtered off and the filtrate was concentrated in vacuo. The residue was taken up in dichloromethane (150 
ml), neutralized with triethylamine until pH 9, and a solution of ditertiobutyldicarbonate (5 g. 22 mmol) in 
dichloromethane (10 ml) was added. The mixture was heated under reflux overnight and, after usual work-up, 
the product was obtained by flash chromatography on silica gel (ethyl acetate :hexane; 25:75) (3 g, 75<>/o). w 

Step C: 

CIS-N-TERTIOBUTOXYCARBONYL-2-FLUORO-4-CHLORO-2-BUTENYL-1-AMINE 

Mesylchloride (0.9 ml, 11 mmol) was added to a cold (0°C) solution of cis-N-tertiobutoxycarbonyl-2-fluoro- 15 
4-hydroxy-3-butenyM -amine (2.05 g, 10 mmol) and triethylamine (1.6 ml, 11 mmol) in anhydrous 
dichloromethane (40 ml). The mixture was stirred overnight and, after usual work-up, the title compound 
cis-N-tertiobutoxycarbonyl-2-fluoro-4-chloro-2-butenyl-1-amine was obtained by flash chromatography on 
silica gel (ethyl acetate :hexane; 15:85) (1.7 g, 75%). 

20 

Step D: 

CIS-5-DEOXY-5W4-TERTIOBUTOXYCARBONY^ 
PROPYLIDENEADENOSINE 

A solution of S'-deoxy-S'-methylamino^.S'-isopropylideneadenosine (1.65 g, 5 mmol), cis-N-tertiobutoxy- 25 
carbonyl-2-fluoro-4-chloro-2-butenyl-1-amine (1.2 g. 4 mol), potassium carbonate (0.7 g, 4 mmol) and sodium 
iodide (0.07 g, 0.5 mmol) in anhydrous acetonitrile (30 ml) was heated under reflux overnight. The mixture was 
concentrated/n vacuo, diluted with ethyl acetate, washed with brine and dried over MgS04. the product was 
purified by flash chromatography on silica gel (diethylamine: chloroform; 2:98) (1.7 g, 70«Vo). 



Step E: 



30 



CIS-5 / -DEOXY-5 / -(4-AMINO-2-FLUORO-2-BUTENYL)METHYLAMINOADENOSINE 

— A suspension of cis-5'-deoxy-5 , -(4-tertiobutoxycarbonylamino-2-fluoro-2-butenyl) methylamino-2',3'-iso- 
propylideneadenosine in 1 N sulphuric acid (5 ml) was stirred for 2 days at room temperature. Then the mixture 35 
was diluted with absolute ethanol (200 ml) and kept at 0°C overnight. The precipitate was collected, dissolved 
in a minimum of water, and reprecipitated with absolute ethanol (200 ml). This procedure was repeated twice to 
give the title compound cis-5'-deoxy-5 / -(4-amino-2-fiuoro-2-buteny1)methylaminoadenoslne (1 g. 75<>/o; mp: 
250-260° C decomposed). 



40 



EXAMPLE VIII 

Preparation of 5-PEOXY-5 -(3 ■AMINO-2,2-DIFLUOROPROPYL)METHYLAMINO ADENOSINE 45 

Step A: 

ETHYL 2 t 2-DIFLUORO-3-HYDROXYPROPIONATE 60 

A mixture of paraformaldehyde (4.5 g, 50 mmol) , ethyl difluorobromoacetate (10.2 g, 50 mmol) and activated 
zinc dust (3.3 g, 40 mmol) in anhydrous tetrahydrofuran was heated under reflux for 0.5 h. Then the mixture 
was treated with a saturated aqueous solution of ammonium chloride and extracted with diethyl ether . After 
usual work-up the desired compound ethyl 2^-difluoro-3-hydroxypropionate was obtained by flash 
chromatography on silica gel (ethyl acetate:hexane; 25:75) (4.1 g, 530/o). 55 

Step B: 

ETHYL 2,2-DIFLUORO-3-TETRAHYDROPYRANYLOXYPROPIONATE 

Dihydropyrane (2 ml, 22 mmol) was added to a solution of ethyl 2£-difluoro-3-hydroxypropionate (3.1 g, 20 60 
mmol) and pyridinium p-toluenesulfonate (0.25 g, 1 mmol) in anhydrous dichloromethane (50 ml). The mixture 
was stirred overnight at room temperature and the desired compound ethyl 2,2-difluoro-3-tetrahydropyrany- 
loxypropionate was obtained by flash chromat graphy on silica gel (ethyl ac tate:hexane; 15:85) (4 g, 800/o).- 

65 
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St p C: 

2,2-DIFLUORO-3-TETRAHYDROPYRANYLOXY-1-PROPANOL 
A solution of ethyl 2,2-dffluoro-3-tetrahydropyranyloxypropionate (3.5 g, 15 mmol) in absolute ethanol (10 
5 ml) was added dropwise to a slurry of sodium borohydride (0.57 g, 15 mmol) at room temperature in absolute 
ethanol (20 ml). Then the mixture was stirred an additional hour at room temperature. Then the mixture was 
concentrated in vacuo, hydrolyzed with aqueous ammonium chloride, extracted with ethyl acetate and dri d 
over magnesium sulfate. The product was purified by flash chromatography on silica gel (ethyl acetate :hexan ; 
25:75) (2.7 g, 900/o). 

10 

Step D: 

2£-DIFLUORO-3-TETRAHYDROPYRANYLQXYPROPYL TRIFLUO ROM ETHAN ESULFON ATE 

Triflic anhydride (1 .8 ml, 1 1 mmol) was added to a cold (0°C) solution of 2,2-difIuoro-3-tetrahydropyranyloxy- 
15 1 -propanol 91 .6 g t 10 mmol), pyridine (0.9 ml, 1 1 mmol) in anhydrous dichlorome thane (50 ml). The mixture was 
stirred 1 h at 0°C and, after usual work-up, the product was purified by flash chromatography on silica gel 
(ethyl acetate :hexane; 15:85) (2.6 g, 80Qfo). 

Step E: 

20 

2,2-DlFLUORO-3-PHTHALIMIDO-1-TETRAHYDROPYRANYLOXYPROPANE 

A mixture of 2,2-difluoro-3-tetrahydropyranyloxypropyl trifluoromethanesulfonate (2.3 g, 7 mmol), 
potassium phthalimide (1.4 g. 7.7 mmol) and anhydrous dimethylformamide (50 ml) under nitrogen was stirred 
and heated at 85°C overnight. After cooling, salts are filtered off, and the solvent was removed in vacuo. The 
25 residue was taken up in dichloromethane (100 ml), washed with 0.5M NaOH (30 ml) and brine. The organic 
phase was separated, dried over magnesium sulfate and concentrated. The desired compound 2,2-difluoro- 
3-phthaJimido-1-tetrahydropyranyloxypropane was purified by flash chromatography on silica gel (ethyl 
acetate :hexane; 20:80) (2 g, 900/b). 

30 Step F: 

2£-DIFLUORO-3-PHTHAUMIDO-1-PROPANOL 

A solution of 2 t 2-difluoro-3-phthalimido-1-tetrahydropyranyloxypropane (2 g, 6.15 mmol), paratoluene 
sulfonic acid (0.1 g) in absolute ethanol was stirred overnight at room temperature. Then the mixture was 
35 concentrated in vacuo, diluted with ethyl acetate and washed with brine. The organic phase was separated, 
dried over magnesium sulfate and concentrated in vacuo. The crude alcohol 2 t 2-difluoro-3-phthalimido-1 -pro- 
panol (1.4 g) was used for the next step without further purification. 

Step G: 

40 

2,2-PIFLUORO^PHTHALIMlDO-PROPYL TRIFLUOROMETHANE SULFONATE 

Triflic anhydride (1.1 ml, 6.6 mmol) was added to a cold (0°C) solution of 2,2-dffluoro-3-phthalimido-1 -pro- 
panol (1.4 g, 6 mmol), pyridine (0.5 ml, 6.6 mmol) in anhydrous dichloromethane (30 ml). The mixture was 
45 stirred 1 h at 0°C and, after usual work-up, the product was purified by flash chromatography on silica gel 
(ethyl acetate:hexane; 20:80) (1.7 g, 75%). 

Step H: 

50 5 / -DEOXY^ / -(2,2-DIFLUORO-3-PHTHALIMIDO-PROPYL)METHYLAMINO-2 / ,3 , -ISOPROPYLlDENEADENO 
SINE 

A mixture of 2 t 2-d*rfluoro-3-phthalimido-propyl trifluoromethane sulfonate (1.5 g, 4 mmol), S'-de xy- 
S'-methylamtno^.S'-isopropylideneadenosine (1.2 g, 4.2 mmol) and triethylamine (0.55 ml, 4.2 mmol) in 
anhydrous dimethyl formamide was heated 2 days at 50°C. Then the mixture was concentrated in vacuo and 
55 the product was purified by flash chromatography on silica gel (diethylaminexhloroform; 2:98) (1.5 g, 75<>/o). 

Step I: 

5'-DEOXY-5M2,2-PIFLUORO-3-TERT10BUTOXYCAR 
60 PYUDENEADENOSINE ~~ 

A mixture f 5'deoxy-5 / -(2 f 2-drfluoro^-phthalimjdopropyl)methylamino-2 / ,3'-is propylideneadenosine (1.1 
g, 2 mmol) in ethanol (10 ml) was heated under reflux overnight. Then the mixture was concentrated in vacuo, 
diluted with 1N acetic acid until pH 4 was reached, and cooled at 0°C. The precipitate was filtered off and the 
filtrate was neutralized until pH 9 with triethylamine and concentrated in vacuo. The residue was taken up in 
65 dichloromethane and ditertiobutyldicarbonate (0.45 g, 2 mmol) was added. The mixture was heated under 
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reflux overnight and. after usual work-up, the product was purified by flash chromatography on silica gel 
(diethylaminexhloroform; 2:98) (0.8 g, 70%). 

Step J: 

5 

5 y -DEQXY -5'>(3-AMINO-2 1 2-DIFLUOROPROPYL)METHYLAMINOADENOSINE 
A suspeTsioiToTS 7 ^^ 

lideneadenosine (0.8 g, 1 .5 mmol) in 1 N sulphuric acid (4 ml) was stirred 2 days at room temperature. Then the 
mixture was diluted with absolute ethanol (150 ml) and kept at 0°C overnight. The precipitate was collected, 
dissolved in a minimum of water, and reprecipitated with absolute ethanol (150 ml). This procedure was 10 
repeated twice to give the title compound 5'-deoxy-5'-(3-amino-2 t 2-difluoropropyl)methylaminoadenosine (0.6 
g, 800/o: mp: 250-260° C decomposed). 

EXAMPLE IX 15 



Preparation of CIS-S'-DEOXY^S'-tA-CARBOXY^AMiNO^-BUTENYLlMETHYLAMINOADENOSINE 

Step A: 20 

2-AM1NO-5-HYPROXY-3-PENTYNOIC ACID 

A mixture of glyoxylic acid monohydrate (23 g, 250 mmol), propargyl alcohol (16.8 g, 300 mmol), copper (II) 
chloride (3.2 g, 25 mmol) and ammonium acetate (49 g, 600 mmol) in ethanol (100 ml) is heated under reflux 
for 6 h. Then the reaction mixture is concentrated in vacuo, diluted with water (50 ml), acidified to pH 5 with 1N 25 
HCI and washed twice with ether (100 ml). Then the aqueous solution is poured on an ion exchang resin 
column (DOWEX 50. H + ). The column is eluted with 1 M ammonium hydroxide to give the title compound 
2-amino-5-hydroxy-3-pentynoic acid. 

Step B: 30 

TERT1QBUTYL-2-AMINO-5-HYDROXY-3-PENTYNOATE 

A suspension of 2-amino-5-hydroxy-3-pentynoic acid (12.5 g, 100 mmol) concentrated in sulphuric acid (2 
ml) and isopropylene (50 ml) in a sealed Parr's flask is shaken 2 days at room temperature. The crude product, 
after evaporation of the excess of isopropylene, is used for the next step without further purification. 35 

Step C: 

TERT1OBUTYL-2-TCRTI0BUTOXYCARBONYLAMINO-54HYDROXY-3-PENTYNQATE 

A solution of the crude tertiobutyl-2-amino-5-hydroxy-3-pentynoate (100 mmol), ditertiobutyldicarbonat 40 
(22 g, 100 mmol) and triethylamine (25 ml, 200 mmol) in chloroform is heated under reflux overnight. Then, after 
usual work-up, the product is purified by flash chromatography on silica gel (ethyl acetate :hexane; 20:80). 

Step D: 

~ — 45 

CIS-TERTIQBUTYL-2-TERTIOBUTOXYCARBONYLAMINO-5-HYDROXY-3-PENTENOATE 

A solution of tertiobutyl-2-tertiobutoxycarbonylamino-5-hydroxy-3-pentynoate (13.6 g, 50 mmol) in ethanol 
(200 ml) is hydrogenated in presence of Lindlar catalyst (0.6 g) at atmospheric pressure and room 
temperature. In 3 h one equivalent of hydrogen (1 .1 liters) is taken up. Then the catalyst is removed by filtration 
and the mixture is concentrated in vacuo which will yield a clear oil. The title compound is obtained by flash 50 
chromatography on silica gel (ethyl acetate :hexane; 15:85. 

Step E: 

CIS-TERTIOBUTYL-2-TERTIOBUTOXra SS 

Mesyl chloride (0.9 ml. 11 mmol) is added to a cold (0°C) solution of ds-tertiobutyl-2-tertiobiitoxycarbony- 
lamino-5-hydroxy«3-pentenoate (2.75 g, 10 mmol) and triethylamine (1.6 ml, 11 mmol) in anhydrous 
dichloromethane (50 ml). The mixture is stirred overnight and, after usual work-up, the title compound is 
purified by flash chromatography on silica gel (ethyl acetate :hexane; 20:80). 

60 

Step F: 

CIS-5'-PEOX?^5'-(4-TERTIOBUTOXYCARB 
NYDMETHYLAMINO^^-ISOPROPYLIDENEADENOSINE 
A solution of cis-terti butyl-2-tertiobutoxycarbonylaminc-6H^lorc-^-pentenoate (1.5 g, 5 mmol), 5'-deoxy- 65 
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S'-methylamino^S'-isopropylideneadenosine {1.6 g, 6 mmol), potassium carbonate (0.7 g, 5 mmol) and 
sodium iodide (0.8 g, 0.5 mol) in acetonitrile (30 ml) is heated under reflux overnight. After usual work-up, the 
product is purified by flash chromatography on silica gel (diethylamine:chloroforrn; 2:98). 

5 Step G: 

CiS-5 , -DEOXY-5^(4>CARBOXY^AMINO>2-BUTENYL)METHYLAMINOADENOSINE 

A suspension of cis-5'-deoxy-5'-(4-tertiobutoxycart3onyl-3-tertiobutoxyca^^ 
lamino^'-.S'-isopropylideneadenosine (1.5 g, 3 mmol) in 1N sulphuric acid (5 ml) is stirred 2 days at room 
10 temperature. Then the mixture is diluted with ethanol (200 ml) and kept at 0°C overnight. The precipitate is 
collected, dissolved in a minimum amount of water, and reprecipltated with ethanol (200 ml). This procedure is 
repeated twice and will yield the title compound cis-5'<leoxy-5'-(4H»rboxy^amino-2-butenyl)methylaminoa-- 
denosine. 

(Usual work-up involves the extraction of the product from the aqueous phase by three extractions with the 
15 organic solvent (as in Step C, Example I) and the organic phase dried over magnesium sulfate, filtered off and 
concentrated in vacuo.) 

The compounds of Formula I are inhibitors of decarboxylase enzymes which are involved in polyamine 
formation and therefore such compounds are useful as pharmacological agents. In particular, the compounds 
of Formula I are potent and Irreversible inhibitors of S-adenosyl methionine decarboxylase (Ado Met DC) and 

20 therefore significantly interfere with the formation of spermine and spermidine and thus are useful adducts in 
the armentarium of researchers and clinicians in the study of polyamine formation and in the treatment of 
conditions and diseases related to the rapid proliferation of cell growth. Of particular importance is the use of 
the compounds of this invention in conjunction with known ornithine decarboxylase inhibitors, known 
antitumoral agents and with immunomodulators known for their use in diseases associated with the rapid 

25 proliferation of normal and transformed cells. 

As is well known in the art, polyamines are associated with both normal and rapid proliferation of cells and, 
as is also well known, the levels of polyamines are high in embryonic systems, the testes and patients suffering 
from diseases associated with rapid proliferation of cell growth. It is also known that there is a correlation 
between the activity of the decarboxylase enzymes of ornithine, S-adenosyl methionine, arginine and lysine and 

30 polyamine formation. Thus with this interrelationship the compounds of this invention, by their unique ability to 
inhibit S-adenosylmethionine decarboxylase, are also useful to study the biochemical and pharmacological 
consequences of polyamine biosynthesis blockade in mammals, plants, bacteria and protozoa. 

More specifically, some of the more promising end-use applications of the compounds of this invention are 
the following applications. 

35 The use of an Ado Met DC inhibitor of this invention, alone but more effectively in conjunction with an 
ornithine decarboxylase (ODC) inhibitor in mammals as postcoital contraceptives, inducers of menstruation, 
and as first-trimester abortifacients is clear for such use does not surgically invade the cavity of the uterus, 
does not require hospitalization, and can be administered with the minimum of medical supervision. 
As is well known the use of single agents in anti-neoplastic chemotherapy has been only marginally 

40 successful and limited to a very few malignancies. Thus treatment of such malignancies as leukemia {e.g., 
acute lymphocytic leukemia, Hodgkins' disease), melanoma and metastatic melanoma, multiple myeloma, 
bladder carcinoma, prostate carcinoma (as welt as benign renal adenocarcinoma, gastric adenocarcinoma, 
prostatic hypertrophy), pancreatic adenocarcinoma, colon cancer, lung carcinoma, fibrosarcoma and 
mammary carcinoma will be enhanced by the use of the Ado Met DC inhibitors of this invention in conjunctive 

45 therapeutic regimens with prior art drug combinations. For example, the use of the instant Ado Met DC 
inhibitors, preferably with ODC inhibitors and/or with interferon will significantly facilitate a lowering of 
untoward side effects and increase survival time when used in conjunction with such well-known drug 
combinations as vincristine, amethopterin, mercaptopurine, prednisone (VAMP), cyclophosphamide, 
arabinosylcytosine, Oncovin (COAP), mechlorethamine, procarbazine (MOPP), ABVD,<3HOP, CAF, FAM and 

50 PVE (see review by Berger, N.A. (1986), J. Clin. Invest. (1131-1135). Additionally the use of the compounds of 
this invention improves the efficacy of the prevention of metastasis in cancers of the breast, colon and bladd r 
with ODC inhibitors. Another specific clinical aspect of the compounds of this invention is the enhancement of 
the synergism between ODC inhibitors and a-interferon in the treatment of cancers, particularly metastatic 
malignant melanoma. Still another aspect of the enhancement of the unique interaction between ODC 

55 inhibitors and methylglyoxal bisguanylhydrazone (MGBG; methyl GAG), particularly in cases with recurrent 
primary brain tumors (e.g., astrocytomas). Still further, the compounds of this invention may be useful in the 
treatment of hyperproliferative disorders such as psoriasis. 

In addition to the foregoing, the compounds of this invention may be used to treat diseases which are 
caused by infections with animal parasites, particularly parasitic protozoa and parasitic nematodes. In the 

60 treatment of diseases caused by these parasites, the compounds of this invention may be used alone, or in 
combination with ornithine decarboxylase inhibitors and/or in combination with other agents known to be 
useful in the treatment of such diseases. In some instances, such as in treating Chagas Disease, it is preferred 
to utilize arginine decarboxylase inhibitors in conjunction with the compounds of this inventi n. Of particular 
interest is the treatment of African trypanosomiasis, Chagas Diseas and Pneumocystis carinii pn umonia 

65 (PCP) in pati nts suff ring from AIDS (particularly in c njuncti n with an ODC inhibitor), cryptosporidiosis and 
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malaria. 

Still more specifically, the compounds of this invention are particularly useful in treating: 

(1) diseases caused by Onchocerca Volvulus, a filarial nematode living in subcutaneous tissu causing 
skin lesions and ye lesions (river blindness). These diseases are commonly treat d with diethylcarbama- 

zin which kills the microfilariae, but not the adult worms ; 5 

(2) diseases caused by Wuchereria bancrofti, a thread-like nematode the adults of which live in thin 
lymphatic vessels and which cause lymphangitis, dermatitis and cellulitis. These diseases are commonly 
treated with diethylcarbamazine but this treatment is known to be inadequate; 

(3) diseases caused by Loa loa, a filarial worm causing Loaiasis characterized by hot erythematous 
Calabar swelling on extremities and periorbital tissues which also have been treated with diethylcarbama- w 
zine; 

(4) diseases caused by Trichomonas vaginalis a sexually transmitted flagellate protozoa causing 
trichomoniasis which is commonly treated with metronidazole; 

(5) diseases caused by Giardia famb/ia, a flagellated protozoan parasite causing giardiasis in domestic 
dogs and wild animals as well as man, for which the drugs of choice are quinacrine hydrochloride and 15 
metronidazole; 

(6) diseases caused by Toxoplasma gondii, a protozoan parasite of the sub-class coccldla causing 
congenital toxoplasmosis which may be treated with pyrimethamine and sulfadiazine ; 

(7) diseases caused by the malarias of the genus Plasmodium, e. g., Plasmodium falciparum, 
Plasmodium vivax, Plasmodium ovale and, Plasmodium malariae which are the causes of malaria; the 20 
usual treatment is with chloriquine, quinine sulfate, pyrimethanine and sulfadiazine. In the treatment of this 
disease it is better to utilize the compounds of this invention in conjunctive therapy with the foregoing or 

with ODC inhibitors; 

(8) diseases caused by Trypanosoma cruzl, a protozoa causing Chagas Disease, a disease which has a 
history of being difficult to treat. In the treatment of this disease with the compounds of this invention it is 25 
recommended that they be used in conjunctive therapy with arginine and agmatine decarboxylase 
inhibitors; 

(9) diseases caused by the African trypanosomes, Trypanosoma brucei gambiense and Trypanosoma 
brucei rhodesiense, two subspecies of hemoflagellates which are responsible for African Trypanoso- 
miasis, a disease treated by suramin and more recently by eflornithine. Of particular use in the treatment 30 
of this disease are the specific compounds cis-5'-deoxy-5'(4-amino-2-buteny0rnethylaminoadenosine 

and cis-5'-deoxy-5'(4-carboxy-4-amino-2-butenyl Jmethylaminoadenosine. 

(10) diseases caused by Lelshmania tropica and Leishmania mexicana which are responsible for 
cutaneous leishmaniasis, and visceral leishmaniasis (also called kala azar or black fever) which is caused 

by Leishmania donovani. 35 

Furthermore, an Ado Met DC inhibitor of this invention may be used (alone or in combination with ODC 
inhibitors) as anti-infective agents being effective in the control of bacteria, fungi and viruses which are 
dependent upon polyamines for growth, for example E. coll. Enterobacter, H. influenzae, Mycobacteria 
species, Staphylococcus aureus, Klebsiella, viruses such as poxviruses. Herpes viruses, picomaviruses and 
influenza viruses. In the use of the compounds of this invention it is preferred to use such ODC inhibitors a 40 
a-difluoromethylornithine, a-monofluoromethylomithine, a-ethylnyiornithine, (e)-2-<fluoromethyl)dehydroorni- 
thine (and the methyl, ethyl and other esters thereof), and (2R.5R)-6-heptyne-2,5-diamine; said compounds 
and their uses being adequately described as to their preparation, their ODC inhibitory properties and to their 
end-use applications (see Inhibition of Polyamine Metabolism, (1987) edited by McCann, P.P., Pegg, A.£., and 
Sjoerdsma, A.). 45 

The S-adenosylmethionine decarboxylase inhibitory properties of the compounds of Formula I may readily 
be determined by standard laboratory procedures well known in the art. For example, cis-S'-deoxy- 
5'-(4-amino-2-butenyl)methylaminoadenosine produces inactivation of rat liver Ado Met Do in vitro with a 
^ ^ 16 minutes at 0.1 uM, a \\ - 1 .6 minutes at 1 uJvl and a t£ — 0.8 minutes at 2 jiM. 

As pharmacologically useful agents the compounds of Formula I can be administered in various manners to 50 
the patient being treated to achieve the desired effect. The compounds can be administered alone or in 
combination with another according to standard techniques for conjunctive therapy, bearing in mind that the 
compounds of this invention preferably enhance established protocols when used to treat neoplasms. The 
compounds are preferably administered in the form of a pharmaceutical preparation. In general, the 
compounds may be administered orally, parenterally, for example, intravenously, intraperitoneal ly, or 55 
subcutaneously, infusionally or topically, as determined by factors well-known and appreciated by th skilled 
artisan. The amount of compound administered will vary over a wide range and can be any effective amount, 
depending on the patient to be treated, the condition being treated and the mode of administration. The 
effective amount of compound administered will vary from about 0.2 mg/kg to 200 mg/kg of body weight of the 
patient per treatment dose and preferably will be about 1 mg/kg to about 50 mg/kg of body weight of the 60 
patient per treatment dos . 

The solid unit dosage forms can be of the conventional type. Thus, the solid f rm can be a capsul which can 
be of the rdinary gelatin type containing a novel compound of this invention and a carrier, for example, 
lubricant and inert fillers, such as lactose, sucrose and com starch. In another embodiment, the novel 
compounds are tableted with conventional tablet bas s such as lactose, sucrose or com starch in 65 
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combination with binders such as acacia, corn starch or gelatin, disintegrating agents such as corn starch, 
potato starch, or alginic acid, and a lubricant such as stearic acid, or magnesium stearate. 

For parenteral administration the compounds may be administered as injectable dosages of a s lution or 
suspension of the compound in a physiologically acceptable diluent with a pharmaceutical carrier which can be 
5 a sterile liquid such as water and oils with or without the addition of a surfactant and other pharmaceuticaily 
acceptable adjuvants. Illustrative of oils which can be employed In these preparations are those of petroleum, 
animal, vegetable or synthetic origin, for example, peanut oil, soybean oil, and mineral oil. In general, water, 
saline, aqueous dextrose, and related sugar solutions, ethanols and glycols such as propylene glycol or 
polyethylene glycol are preferred liquid carriers, particularly for injectable solutions. 

10 The compounds can be administered in the form of a depot injection or implant preparation which may be 
formulated in such a manner as to permit a sustained release of the active ingredient. The active ingredients 
can be compressed into pellets or small cylinders and implanted subcutaneously or intramuscularly as depot 
injections or implants. Implants may employ inert materials such as biodegradable polymers or synthetic 
silicones, for example, Silastic, silicone rubber manufactured by the Dow-Coming Corporation. 

15 As is true for most generic classes of compounds suitable for pharmaceutical end-use applications, certain 
sub-classes and certain specific compounds are preferred. For the compounds of this invention (I) those 
compounds wherein R is hydrogen or methyl are preferred and those compounds wherein Q represents 
formulae le, particularly the cis-configuration, and those of la and Ic. Preferred specific compounds are cis- 
5'-deoxy-(4-amino-2-butenyl)methylamino adenosine, cis-5'<leoxy-(4-amino-2^utenyl)arnino adenosine and 

20 their 2-fluoro, 3-fluoro, and 2,3-difluoro analogs, and 5 / -deoxy-5 / -(3-amino-2-methylenepropyl)methylaminoa- 
denosine,5'-deoxy-5'-(3-amino-2-methylenepropyl)aminoadenoslne and the mono and difluoro analogs (X 
and/or Y ot la are fiuoro) thereof, and cis-5'-deoxy-5'-(4-amino-4-carboxy-2-butenyl)methyiaminoadeno ine 
and cis-5'-deoxy-5'-(4-amino-4-carboxy-2-butenyl)aminoadenosine. 



25 



40 



45 



55 



60 



Claims 



1 . A compound of the formula 
R 

30 Q-N-Ad 1 

and the pharmaceuticaily acceptable salts thereof, wherein Ad represents adenosinyl, R is hydrogen or a 
C1-7 alkyl, and Q represents moieties of formulae la to le, said formulae being depicted as: 

H 2 N-CH- ( CH 2 ) m C- ( CH 2 ) CH 2 - 



la 

V R, V X 

II II 

H 2 N-CH-CH-CH 2 - H 2 N-CH-C-CH 2 - 



so lb Ic 



V X X V w z 

III III 

H 2 N-CH-C-C-CH 2 - H 2 N-CH-C=C-CH 2 - 
Y Y 

Id le 



with m being zero or one, q being zero or one with the proviso that the sum of m and q is less than 2, 
65 VisHor-COOH, 
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WisH.F.CIor Br, 
ZisH, F, CI or Br, 
each X and each Y being H or F, 



r x is -ch=c<; 2 , 



-CH=C=C 




-C = CH or -CH3- n F n with n being 1 , 2 or 3. 

2. A compound of Claim 1 wherein R is methyl or H. 

3. A compound of Claim 1 wherein Q represents a moiety of formula le. 

4. A compound of Claim 2 wherein the compound is in its cis-conf iguration. 

5. A compound of Claim 1 wherein Q represents a moiety of formula 1a. 

6. A compound of Claim 1 wherein Q represents a moiety of formula Ic. 

7. A compound of Claim 3, said compound being cis-5'-deoxy-5'-(4-amino-2-butenyI)methylaminoa- 
denosine. 

8. A compound of Claim 3, said compound being cis-5'-deoxy-5'-(4-amino-2-butenyl)aminoadenosine. 

9. A compound of Claim 3, said compound being cis-5'Kieoxy^'-(4-amino^^arboxy-2-butenyl)methy- 
laminoadenosine. 

10. A compound of Claim 3, said compound being cis-5'<deoxy-5'-(4-amino-4-carboxy-2-butenyl)ami- 
noadenosine. 

11. A compound of Claim 1, said compound being 5'-deoxy-5'-{3-amino-2-methylenepropyl)methylami- 
noadenosine. 

12. A compound of Claim 1, said compound being 5'-deoxy-5'-(3-amino-2-methylenepropyl)aminoa- 
denosine. 

13. A compound of the formula 




NH 2 



wherein R2 is a moiety of the following formulae 
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W Z 

v 

i ii 

PgNH-CH- ( CH 2 ) m -C- ( CH 2 ) q CH 2 - 
13a 



V R, V X 

I I II 

PgNH-CH-CH-CH 2 - PgNH- CH-C-CH 2 - 

15 Y 
13b 13c 



V' X X V* w z 

III III 

PgNH-CH-C-C-CH 2 - PgNH-CH-C=C-CH 2 - 
Y Y 



13d 13e 

with m being zero or one, q being zero or one. with the proviso that the sum of m and q is less than 2, 
V is H, COOH or a reaction-protected COOH, 



WisH. F.CiorBr, 
ZisH.F.CIorBr, 
35 each X and each Y being H or F, 



w w 

R x is -C=C< z , -CH=C=C< z 



-C s CH or -Chh-nFn with n being 1 , 2 or 3. 
14. A process for preparing a compound of the formula 
R 

Q-N-Ad 1 

45 and the pharmaceutical^ acceptable salts thereof, wherein Ad represents adenosinyl, R is hydrogen or a 

C1-7 alkyl, and Q represents moieties of formulae la to le, said formulae being: 
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v V 

H 2 N-CH- ( CH 2 ) m C- ( CH 2 ) q CH 2 ~ 
la 



V Ri 

I 1 

H 2 N-CH-CH-CH 2 - 



V X 
I I 
H 2 N-CH-C-CH 2 - 

Y 



to 



15 



lb 



Ic 



V X X 

I I I 

H 2 N-CH-C-C-CH 2 - 
Y Y 



V W Z 
I I I 
H 2 N-CH-C=C-CH 2 - 



20 



25 



Id 



le 



with m being zero or one, q being zero or one with the proviso that the sum of m and q is less than 2, 

VisHor-COOH. 

WisH. F. CI or Br, 

ZisH.F, CI or Br, 

each X and each Y being H or F, 

Rj is -CH=C< z , -CH=C=C< z , 



-C ss CH or -CH3- n F n with n being 1 , 2 or 3; 

which comprises reacting a compound of the formula 




30 
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with a R2X' reactants, R2X' being a compound f the formulae 
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10 



15 



PgNH-CH-( CH 2 ) m -C-( CH 2 ) q CH 2 X 1 

1 ! 

PgNH-CH-CH-CH 2 X , 
3b 



V 1 X 
I I 

PgNH- CH-C-CH 2 X f 
Y 

3c 



V 1 X X V w z 

so. Ill, III 

PgNH-CH-C-C-CH 2 X f PgNH-CH-C=C-CH 2 X 1 



25 



35 



y y 

3d le 



RoOOC~CH-C m OCH 9 CI 
30 I 



NHAc 



3f 



wherein Pg is an N-protecting moiety, V is H, COOH or COOR3 with R3 being a reaction protection 
moiety, and X' is a trtflate, chloro, bromo or iodo, and Ac is an acyl moiety, preferably acetate, said 
reaction being effected with equimolar quantities of the involved reactants in the presence of a base, 
preferably in a basic solvent, at temperatures of about 30° C to 80° C, followed by the removal of any 
40 protecting groups using standard techniques, except that when a reactant of formula 3f is utilized the 

removal of the nitrogen, carboxyl and/or hydroxy protecting groups attached to the condensation 
reaction products is effected after the chemical reduction of the butyne moiety to its corresponding 
butene moiety by hydrogenation in the presence of a Lindiar catalyst, and optionally converting the 
so-produced compounds to their pharmaceutlcaMy acceptable salts. 
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